Introduction: While proven to be an effective treatment for cystoid macular edema (CME) and diabetic macular edema, intravitreal steroid implants (IVSI) may cause undesirable side effects, including steroid-related glaucoma or migration into the anterior chamber in the case of iris-lens diaphragm disruption. Here we present a new surgical technique that allows for the easy implantation and subsequent fixation of the fluocinolone acetonide intravitreal implant without the risk of migration as a feasible and possibly reversible approach in the treatment of persistent CME in severely damaged eyes. Methods: In this single-center, prospective offlabel, proof of principle, scleral fixation of the fluocinolone implant was performed in two eyes with disrupted anterior-posterior segment border and persistent CME. Both eyes were then followed monthly in accordance to a detailed protocol. Results: The procedure was overall well tolerated without severe side effects. There was no migration of the implant in the anterior chamber in either eye. Conclusion: Scleral fixation of the fluocinolone implant proved to be a safe and feasible approach in eyes with persistent CME and disrupted anterior-posterior segment border. This new technique also allows for the possible removal of the implant and may therefore be suitable even for eyes at higher risk for side effects, such as glaucoma.
Key summary points
Why carry out this study?
Recalcitrant macular edema is difficult to treat in eyes that have undergone complicated cataract surgery or experienced trauma for several reasons.
Treatment of such eyes with intravitreal steroid implants can cause severe corneal decompensation in case of implant migration into the anterior chamber.
The study was carried out to prove that the scleral fixation of the fluocinolone acetonide implant is a feasible and possibly reversible approach, without the risk of migration into the anterior chamber for such severely damaged eyes with persistent cystoid macular edema (CME).
What was learnt from the study?
The scleral fixation of the fluocinolone acetonide implant proved to be a welltolerated and technically feasible new technique in severely damaged eyes and those with persistent CME after complicated cataract surgery or trauma.
INTRODUCTION
The use of intravitreal steroid implants (IVSI), such as the dexamethasone implant (OzurdexÒ; Allergan, Inc., Irvine, CA, USA) and the fluocinolone implant (IluvienÒ; Alimera Sciences Ltd., Alpharetta, GA, USA), has been proven to be of long-term benefit for patients with diabetic macular edema, but also to patients with post-operative cystoid macular edema (CME) or Irvine-Gass syndrome [1, 2] .
In particular, eyes which have undergone complicated cataract surgery or posterior capsule rupture have an increased risk for CME and therefore require a sustainable medical treatment in the long term. At the same time, such eyes are at high risk of developing complications in terms of the migration of an IVSI into the anterior chamber, which can lead to severe corneal decompensation through mechanic and toxic effects [3, 4] . Therefore, scleral fixation of IVSI might be a reasonable approach for eyes with severe iris-lens diaphragm disruption and persistent CME. The fixation of the dexamethasone implant has been described, but eventual biodegradation of the implant may lead to loosening of the scleral fixation with time and ultimately to migration of the implant [5] .
Here, we outline a simple surgical technique for scleral fixation of the fluocinolone implant that is well tolerated and a potentially reversible approach in the treatment of persistent CME in eyes with severe iris-lens diaphragm disruption.
METHODS
For this single-center, prospective off-label, proof of principle, this surgical technique was used to treat two eyes with disrupted anterior-posterior segment border and persistent CME. Both eyes were pseudophakic or aphakic and had experienced previous dexamethasone implant-related problems or migration of the dexamethasone implant into the anterior chamber. Exclusion criteria were a single eye condition or medical history or clinical evidence of glaucoma.
The two patients underwent a full clinical examination, including best corrected visual acuity (BCVA), measurement of the intraocular pressure (IOP), spectral domain optic coherence tomography (OCT) (Spectralis OCT; Heidelberg Engineering GmbH, Heidelberg, Germany) and photo documentation of the anterior segment and the posterior segment with the Optos Ultrawidefield Camera (Optos, Inc., Marlborough, MA, USA).
The procedure was performed under local anaesthesia with a retrobulbar injection of lidocaine. Figure 1 shows a schematic representation of the whole procedure. Prio to implantation, the fluocinolone implant was prepared for placement using a 10.0 Prolene suture in which a knot with two loops was created that allows handling of the thread-fixated implant during the following procedure (see video in Electronic Supplementary Material [EMS] Digital Content 1).
The conjunctiva and the eyelids were then disinfected and a sterile covering was applied. After placement of a Barraquer eye speculum, a 1.5-mm sclerotomy at a distance of 3.5 mm from the limbus was performed using a VR knife stab incision.
A flat-headed lens nucleus rotator (Geuder AG, Heidelberg, Germany) was used to insert the fluocinolone implant into the eye through the sclerotomy, pushing the two loop-like handles and subsequently pulling the implant into the vitreous cavity. The use of these two loops prevents the implant from slipping off the fixated suture. The implant was pushed a minimum of 3 mm in order to create some distance from the ciliary body. Thereafter, the thread was fixed to the sclera. After trimming of the thread ends, the conjunctiva was closed with Vicryl 7.0. (see video EMS Digital Content 2).
For this single-center, prospective off-label proof of principle of a new surgical technique, no ethics committee approval was required. The study was however performed in accordance with the Helsinki Declaration of 1964 and its later amendments. The included patients signed written informed consent for this off-label surgical procedure and off-label use of the fluocinolone implant and provided consent to publication of their anonymized data and images. 
RESULTS
The procedure was overall well tolerated in both patients' eyes. Both patients experienced subjective discomfort in the suture area post-operatively due to mechanical disturbance; however these side effects were resolved within 4 weeks post-operatively in both cases. There was no prolapse of vitreous through the incision, and neither of the patients' eyes developed a retinal tear. There were no problems with increased IOP or hypotonia during the first 4 weeks postoperatively. No dislocation or migration of the fixated implants was observed.
Both patients showed first morphological improvement in terms of reduction of central retinal thickness in the spectral domain OCT of [ 10% during the first 4 weeks after the procedure. BCVA increased in one patient by one line and remained stable in the other patient in the first 4 weeks of the follow-up period.
A further prospective study is needed to evaluate the long-term safety and complication rate of this new technique, as well as the functional and anatomical outcomes of the medical treatment with IVSI or fluocinolone implants in a larger case series.
DISCUSSION
Eyes with a disrupted iris-lens diaphragm after complicated cataract surgery or after trauma are challenging in terms of clinical management for several reasons. On the one hand, such eyes are at a high risk to develop CME; on the other hand, the use of steroid implants in such eyes carries the risk of migration of the implant into the anterior chamber [3, 4] . Due to confict, many eyes with CME are left untreated.
Scleral fixation of IVSI has been described in previous studies and may represent a reasonable approach to treating CME in those severely damaged eyes without the risk of migration [5] . We also have employed this technique for scleral fixation of dexamethasone implants; however, these implants are larger and tend to break during implantation using this technique (data not shown). Also, the biodegradation of the dexamethasone implant may result in a loosening and subsequent migration of parts of the implant. Here, we present a technically feasible procedure for scleral fixation of the fluocinolone implant in eyes with disrupted anterior/posterior diaphragm.
By creating two loops that may be used as a handle, the implantation can be performed by using a 20-G sclerotomy with only minimal touching or manipulation of the implant and therefore minimal risk of implant damage. Additionally, with this special technique of creating two loop-like handles, the implant can be prevented from slipping of the fixated thread. In the two cases reported, we did not observe any procedure-related complications.
Furthermore, due to scleral fixation with the same thread, this technique also appears to allow for an atraumatic removal of the implant in a fish-rod-like manner in case it is required. Therefore, this simple and novel surgical technique may be even more suitable for those severely damaged eyes which otherwise would be at a higher risk of side effects, such as glaucoma or steroid-related increase of IOP.
CONCLUSION
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